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%DVLFFRQGLWLRQVOLPLWVRIWKHGHVLJQSURFHGXUH
7ZRPHWKRGVPHQWLRQHGLQ>@FDQEHXVHGZKHQHYDOXDWLQJWKHFDUU\LQJFDSDFLW\RIVWHHOFRQFUHWHFROXPQV7KH
JHQHUDOPHWKRGLVDPRQJRWKHUVVXLWDEOHIRUVROYLQJVSHFLDOQRQV\PPHWULFFURVVVHFWLRQVKDSHVDQGFROXPQVZLWK
YDULDEOHFURVV VHFWLRQV7KHSURFHGXUHDQGDOO UHTXLUHPHQWV IRU LWV DSSOLFDWLRQDUHH[SODLQHG LQ>@$OWKRXJK LW LV
QHFHVVDU\ZKHQSUHSDULQJDQGFDOLEUDWLQJWKH6WDQGDUGVWKHJHQHUDOPHWKRGLVKDUGO\HYHUXVHGLQSUDFWLFHEHFDXVH
LWLVWLPHFRQVXPLQJ7KHVLPSOLILHGPHWKRGDOORZHGIRUELD[LDOO\V\PPHWULFFROXPQVLVZLGHVSUHDG:HWKHUHIRUH
XVHG WKLVPHWKRGZKHQFUHDWLQJDFRPSXWHUSURJUDPIRUHYDOXDWLQJ WKHXVXDO W\SHVRIELD[LDOO\ V\PPHWULF VWHHO
FRQFUHWHFROXPQV±FI)LJ
7KHFRQGLWLRQVXQGHUZKLFKWKHVLPSOLILHGPHWKRGDQGFRQVHTXHQWO\RXUSURJUDPFDQEHDSSOLHGDUH
x WKHFURVVVHFWLRQVKDSHLVV\PPHWULFZLWKUHVSHFWWRWZRPXWXDOO\SHUSHQGLFXODUD[HV
x WKHFURVVVHFWLRQVKDSHLVFRQVWDQWDORQJWKHHQWLUHOHQJWKRIWKHFROXPQ
x WKHYDOXHRIUHODWLYHVOHQGHUQHVVLVVPDOOHUWKDQ
x WKH VWHHO VWUXFWXUHPXVW QRW FRQVLVW RI VHYHUDO LQGHSHQGHQW HOHPHQWV ± LW PXVW EH D VLQJOH FRQWLQXRXV FURVV
VHFWLRQVKDSHWKLVFRQGLWLRQHQVXUHVVXIILFLHQWLQWHUDFWLRQEHWZHHQWKHVWHHODQGFRQFUHWHSDUWVDQGSUHYHQWVWKH
VWUXFWXUHIURPXQGHVLUDEOHVOLSSDJH
x IRUVWHHOVWUXFWXUHVIXOO\FRYHUHGZLWKFRQFUHWHWKHFRYHUDJHPXVWFRPSO\ZLWKWKHUHTXLUHPHQWVVWDWHGLQ>@±
WKRVHUHTXLUHPHQWVDUHEDVHGRQWKHW\SHVRIWKHWHVWHGFROXPQVIURPZKLFKWKHRUHWLFDOIRUPXODVZHUHGHULYHGWR
FDOFXODWHWKHFDUU\LQJFDSDFLW\XVLQJWKHVLPSOLILHGPHWKRG
x WKHDUHDVL]HRIWKHDGGLWLRQDOUHLQIRUFHPHQWPXVWQRWEHODUJHUWKDQRIWKHFRQFUHWHSDUW±LIWKHSHUFHQWDJH
ZHUHKLJKHUDGYHUVHHIIHFWVRQWKHLQWHUDFWLRQDQGORDGWUDQVPLVVLRQZRXOGEHLPSOLHG
x WKH UDWLR EHWZHHQ WKH KHLJKW DQG ZLGWK RI WKH FURVV VHFWLRQ PXVW QRW IDOO RXWVLGH WKH OLPLWV  a  ± WKLV
FRQGLWLRQHQVXUHVWKDWZHFDQQHJOHFWWLOWLQJHIIHFWVLQRXUFDOFXODWLRQV
,QWHUDFWLRQ'LDJUDP
8QGHUWKHFRQGLWLRQVVWDWHGDERYHZHFDQGHWHUPLQHWKHFDUU\LQJFDSDFLW\RIDFROXPQZLWKUHVSHFWWRSUHVVXUH
DQG EHQGLQJ ORDGV ZLWK WKH DLG RI DQ LQWHUDFWLRQ GLDJUDP D FKDUW RI WKH FDUU\LQJ FDSDFLW\ DV LW GHSHQGV RQ WKH
SODVWLFLW\ OLPLWZKHQFRPELQLQJWKHQRUPDOIRUFHVDQGEHQGLQJPRPHQWV7HQVLRQLPSXOVHVRIUHFWDQJXODUVKDSHV
DUHDVVXPHGZKLFKFRUUHVSRQGVWRWKHIXOOSODVWLFXVHRIWKHFURVVVHFWLRQ±FI)LJ7KHVKDSHRIWKHLQWHUDFWLRQ
GLDJUDP GHSHQGV RQ WKH FURVVVHFWLRQ W\SH WKH PDWHULDOV XVHG DQG WKH UDWLRV EHWZHHQ WKH FRPSRQHQWV
 FDUU\LQJ
FDSDFLWLHV FI HJ )LJ ,Q RUGHU WR LPSURYH UHDGDELOLW\ RI WKH GLDJUDPV WKH EHQGLQJ PRPHQW YDOXHV RQ WKH
KRUL]RQWDOD[LVDUHGLYLGHGE\WKHOLPLWYDOXHRISODVWLFPRPHQW0SO5G7KHYDOXHVRQWKHYHUWLFDOD[LVDUHUDWLRVRI
WKHGHVLJQYDOXHRIWKHSODVWLFUHVLVWDQFHRIWKHFRPSRVLWHVHFWLRQ1SO5GWRFRPSUHVVLYHQRUPDOIRUFHV7KHUHVXOWLQJ
LQWHUDFWLRQGLDJUDPWKXVSDVVHVWKURXJKSRLQWV__DQG__6XFKDGDSWDWLRQVHQDEOHXVWRFRPSDUHWKHLQWHUDFWLRQ
FXUYHVIRUFROXPQVZLWKGLIIHUHQWSDUDPHWHUVDVVKRZQLQ)LJ7KHVKDSHRIWKHFXUYHLVVSHFLILFDOO\DIIHFWHGE\
WKHGLVWULEXWLRQRIVWHHOFRPSRQHQWVZLWKLQWKHFURVVVHFWLRQVKDSHRUUDWKHUWKHVWHHOFRQWULEXWLRQUDWLR(T

)LJD([DPSOHRIDW\SLFDOLQWHUDFWLRQGLDJUDPEH[DPSOHRIW\SLFDOVWUHVVGLVWULEXWLRQDFURVVWKHFURVVVHFWLRQ
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)RUGHVLJQSXUSRVHVWKHLQWHUDFWLRQGLDJUDPLVXVXDOO\GLVSOD\HGRQO\LQWKHILUVWTXDGUDQWSUHVVXUH	EHQGLQJ
EXW LW DOVR WRXFKHVRQ WKH IRXUWKTXDGUDQW WHQVLRQ	EHQGLQJ RI WKH FRRUGLQDWH V\VWHP&UHDWLQJ WKH LQWHUDFWLRQ
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3RLQW$UHSUHVHQWVWKHVLWXDWLRQZKHQRQO\WKHFURVVVHFWLRQLVXQGHUSUHVVXUHDQGWKHQRUPDOIRUFHFRUUHVSRQGVWR
WKHGHVLJQYDOXHRIWKHSODVWLFUHVLVWDQFHRIWKHFRPSRVLWHVHFWLRQ1SO5G$WSRLQW%SXUHEHQGLQJRFFXUVZLWKRXWDQ\
HIIHFWVRIWKHQRUPDOIRUFH3RLQW'FRUUHVSRQGVWR%LQWKDWWKHEHQGLQJPRPHQWKDVWKHVDPHVL]HKHUHEXWZLWKDQ
DGGLWLRQDO QRUPDO IRUFH RI YDOXH 1SP5G ZKLFK H[SUHVVHV WKH GHVLJQ YDOXH RI WKH UHVLVWDQFH RI WKH FRQFUHWH WR
FRPSUHVVLYHQRUPDO IRUFH$WSRLQW& WKHQRUPDO IRUFH
VYDOXH LV1SP5GDQG WKHPD[LPXPGHVLJQYDOXHRI WKH
UHVLVWDQFHPRPHQWLQWKHSUHVHQFHRIDFRPSUHVVLYHQRUPDOIRUFH0PD[5GLVDFKLHYHG
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)LJ6LPSOLILHGLQWHUDFWLRQGLDJUDPGHILQLWLRQRIPDUJLQDOSRLQWV$%&DQG'
'HVLJQFDSDFLW\RIFRPSRVLWHVWHHOFRQFUHWHFROXPQV
7KH SURFHGXUH UHFRPPHQGHG LQ >@ PDLQO\ DOORZV IRU PDQXDO FDOFXODWLRQV EDVHG RQ WKH YDOXHV ORRNHG XS
LQLQWHUDFWLRQGLDJUDPVJLYHQHJLQ>@RU>@$GLVDGYDQWDJHRIWKLVDSSURDFKLVDOLPLWDWLRQRQWKHFURVVVHFWLRQ
W\SHV RQO\ WKRVH IRU ZKLFK WKH FRUUHVSRQGLQJ LQWHUDFWLRQ GLDJUDPV KDYH EHHQ FUHDWHG FDQ EH XVHG ,Q>@ VXFK
GLDJUDPVDUHVKRZQDQGDQH[DPSOHLVLQ)LJ7KLVW\SHRIGLDJUDPVLVPRUHGHWDLOHGDQGLQFOXGHVPRUHFURVV
VHFWLRQW\SHVWKDQWKRVHFRQVLGHUHGLQ>@:KHQHYDOXDWLQJWKHFDUU\LQJFDSDFLW\YDOXHVLQWKHPDLQSODQHVWKH
LQHTXDOLWLHVJLYHQ LQ(TPXVWEHIXOILOOHG&RHIILFLHQWĮ0GHSHQGVRQ WKHVWHHOXVHG)RUVWHHOFODVVHV6DQG
6WKHYDOXHRIĮ0LVIRURWKHUFODVVHVLWLV:KHQHYDOXDWLQJWKHUHVLVWDQFHIRUFRPELQDWLRQVRIQRUPDO
IRUFHDQGELD[LDOEHQGLQJPRPHQWVZHKDYHWRNQRZWKDWWKHLQHTXDOLW\JLYHQLQ(TLVIXOILOOHG
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)LJ'HILQLWLRQRIFRHIILFLHQWVȝGDFFRUGLQJWRWKHFRUUHVSRQGLQJVWUHVV
9DOXHV ȝG\ DQG ȝG] FDQ EH UHDG LQ LQWHUDFWLRQ GLDJUDPV )LJ RU QXPHULFDOO\ FRPSXWHG IURP WKH GHULYHG
LQWHUDFWLRQ FXUYH 9DOXHV RI ȝG DUH XVXDOO\ WDNHQ 9DOXHV ȝG!  VKRXOG RQO\ EH XVHG ZKHUH WKH EHQGLQJ
PRPHQW0(GGHSHQGVGLUHFWO\RQWKHDFWLRQRIWKHQRUPDOIRUFH1(GIRUH[DPSOHZKHUHWKHPRPHQW0(GUHVXOWVIURP
DQHFFHQWULFLW\RIWKHQRUPDOIRUFH1(G
$XWRPDWLFFDOFXODWLRQSURJUDP
$V DOUHDG\ PHQWLRQHG DERYH WKH SURFHGXUH GHVFULEHG LQ 6HFWLRQ  LV WRR ODERULRXV DQG WLPHFRQVXPLQJ IRU
PDQXDOFDOFXODWLRQV6SHFLILFDOO\FXUYHVIRUGHWHUPLQDWLRQRIȝFRHIILFLHQWYDOXHVDUHIDUIURPHIILFLHQWIRUSUDFWLFDO
SXUSRVHV&HUWDLQVLPSOLILFDWLRQFDQEHDFKLHYHGE\XVLQJWKHDOUHDG\NQRZQLQWHUDFWLRQFXUYHVIRUVHOHFWHGFURVV
VHFWLRQVKDSHVDVJLYHQLQHJ>@RU)LJ+RZHYHUWKRVHDUHRQO\NQRZQIRUVRPHFURVVVHFWLRQVKDSHVDQGZLWK
UHVWULFWHGSURSHUWLHV6XFKVLPSOLILFDWLRQVDOVROHDGWRDQXQNQRZQGHJUHHRILQDFFXUDF\±IRUH[DPSOHWKHHIIHFWVRI
UHLQIRUFHPHQWDUHXVXDOO\RXWVLGHWKHVFRSHRIRXUNQRZOHGJH
7KH SXUSRVH RI RXU SURJUDP LV WR VLPSOLI\ DQG PDNH PRUH HIILFLHQW WKH SURFHVV RI HYDOXDWLQJ VWHHOFRQFUHWH
FROXPQV,WHQDEOHVXVWRFUHDWHWKHUHTXLUHGLQWHUDFWLRQFXUYHIRUDVHOHFWHGFURVVVHFWLRQVKDSHZLWKVHWGLPHQVLRQV
DQG PDWHULDOV ,W DOVR HYDOXDWHV WKH UHVLVWDQFH IRU SUHGHILQHG FURVVVHFWLRQ W\SHV 7KHHYDOXDWLRQ IROORZV WKH
SURFHGXUHGHVFULEHGLQ>@$QRWKHURXWFRPHLQWHUHVWLQJIURPWKHGHVLJQYLHZSRLQWLVDOLVWLQJRISRVVLEOHUHVHUYH
PDUJLQVLQWKHUHVLVWDQWYDOXHV7KHSURJUDPLVZULWWHQLQ9LVXDO%DVLFIRU$SSOLFDWLRQVLQ0LFURVRIW([FHOKHQFHLW
GRHVQRWUHTXLUHDQ\VSHFLILFVRIWZDUHSODWIRUPWREHXVHG7KHIRUPXODVZHUHILUVWFUHDWHGDQGYHULILHGLQ0DWODE
DQGWKHQFRQYHUWHGWR9%$LQZKLFKIXQFWLRQVIRUHYDOXDWLQJDQGFKHFNLQJWKHLQSXWGDWDZHUHLQFOXGHG7KHXVHU
LQWHUIDFHLVDQRUPDOZLQGRZLQ06([FHO7KHDSSOLFDWLRQLVVHWIRUVXFKEHKDYLRUXVLQJFRGHJLYHQLQ>@8VHU
RULHQWDWLRQLQWKHSURJUDPLVHDV\)LJVKRZVH[DPSOHVRIFURVVVHFWLRQVKDSHVIRUZKLFKWKHSURJUDPZLOOZRUN
7KHFXUUHQWODQJXDJHYHUVLRQRIWKHSURJUDPLV&]HFKRQO\

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)LJ'LIIHUHQWW\SHVRIFURVVVHFWLRQVKDSHVFRQWDLQHGLQWKHFDOFXODWLRQSURJUDP
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Ϭ͕ϲ
Ϭ͕ϳ
Ϭ͕ϴ
Ϭ͕ϵ
ϭ͕Ϭ
Ϭ͕Ϭ Ϭ͕ϭ Ϭ͕Ϯ Ϭ͕ϯ Ϭ͕ϰ Ϭ͕ϱ Ϭ͕ϲ Ϭ͕ϳ Ϭ͕ϴ Ϭ͕ϵ ϭ͕Ϭ ϭ͕ϭ ϭ͕Ϯ ϭ͕ϯ ϭ͕ϰ ϭ͕ϱ ϭ͕ϲ ϭ͕ϳ ϭ͕ϴ
EĚ ͬEƉů͕ZĚ
DĚ ͬDƉů͕ZĚ
\
]
\
]
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7KH VHFWLRQ RI WKH SURJUDP WKDW FDOFXODWHV WKH LQWHUDFWLRQ GLDJUDPV LV VXEGLYLGHG LQWR PRGXOHV 9%$ XVHV
PRGXOHV IRU GHILQLWLRQV RI ODUJHU SURFHGXUHV DQG IXQFWLRQV >@ 7KH SURJUDP FRQWDLQV WZHOYH PRGXOHV IRU
FDOFXODWLRQV RI LQWHUDFWLRQ FXUYHV (DFK FURVVVHFWLRQ VKDSH QHHGV WZR PRGXOHV RQH IRU FDOFXODWLRQV ZLWKRXW
UHLQIRUFHPHQW DQG DQRWKHU ZKLFK WDNHV DGGLWLRQDO UHLQIRUFHPHQW LQWR DFFRXQW 7KH UHVXOWLQJ FRRUGLQDWHV
RILQWHUDFWLRQGLDJUDPVDUHOLVWHGDV([FHOWDEOHVIURPZKLFKWKHGLDJUDPVDUHJHQHUDWHG2QLQSXWRIHDFKPRGXOH
WKHUHDUHGLPHQVLRQVDQGFDUU\LQJFDSDFLW\SDUDPHWHUVRIWKHPDWHULDOVXVHG2QRXWSXWZHJHWLQWHUDFWLRQFXUYHVRU
DOWHUQDWLYHO\HYDOXDWLRQRI WKHVHWFURVVVHFWLRQW\SHV$QRWKHUH[DPSOHRIDPXOWLSOHRXWSXW LVDVXPXSFKDUWRI
LQWHUDFWLRQFXUYHVIRUYDULDEOHUDWLRVRIWKHFDUU\LQJFDSDFLWLHVįFI)LJ
(DFK PRGXOH DOVR FRQWDLQV FRGH IRU ILQGLQJ WKH PD[LPXP YDOXHV RI WKH PRPHQWV DQG IRUFHV IRU WKH
FRUUHVSRQGLQJORDGLQJ7KHVHYDOXHVDUHDOVROLVWHGIRUIXUWKHUXVHZLWKLQWKHHYDOXDWLRQ7KHLQWHUVHFWLRQEHWZHHQ
WKHDSSOLHGLQWHUQDO IRUFHVDQGWKHLQWHUDFWLRQGLDJUDPPXVWEHORRNHGXSIRUHYDOXDWLRQ)RUWKLVSXUSRVHVSHFLDO
PRGXOHVDUHLQFOXGHGLQWKHSURJUDPZKLFKPDNHXVHRIDVLPSOHDOJRULWKPWRGHWHUPLQHWKHFRRUGLQDWHVRIVXFK
DQLQWHUVHFWLRQ
&RQFOXVLRQV
7KH SDSHU LQWURGXFHV D SURJUDP IRU DXWRPDWL]HG HIILFLHQW HYDOXDWLRQ DQG GHVLJQ RI FRPSRVLWH VWHHOFRQFUHWH
FROXPQV RI WKH XVXDO FURVVVHFWLRQ VKDSHV LQ FRPSOLDQFH ZLWK FXUUHQWO\ DSSOLFDEOH 6WDQGDUGV >@ 7KH PDLQ
FRQWULEXWLRQ LV FRQVLGHUDEOH VLPSOLILFDWLRQ RI WKH WLPHFRQVXPLQJ HYDOXDWLRQ SURFHVV DQG HOLPLQDWLRQ RI PDQXDO
GHULYDWLRQVRIFKDUDFWHULVWLFVRIWKHFURVVVHFWLRQVKDSHV8VLQJWKHSURJUDPZHFDQTXLFNO\DQGHIILFLHQWO\GHVLJQ
FRPSRVLWH VWHHOFRQFUHWHFURVVVHFWLRQRIFROXPQVRI WKHXVXDO W\SHV ,Q WKH IXWXUH WKLV SURJUDPFDQEHH[WHQGHG
WRLQFOXGH PRUH XVHUIULHQGO\ IXQFWLRQV VXFK DV DXWRPDWL]HG HYDOXDWLRQ RI D[LDOVWUHVV EHQGLQJ DQG HIIHFWV RI
LPSHUIHFWLRQVDFFRUGLQJWRWKHVHFRQGRUGHUWKHRU\DVVHVVPHQWRIILUHSHUIRUPDQFHSULQWLQJUHSRUWVRIFDOFXODWLRQV
HWF 2QO\ SDUW RI WKH UHODWHG LVVXHV LV DGGUHVVHG LQ WKH SDSHU PRUH GHWDLOV FDQ EH IRXQG LQ >@ ± HJ GHWDLOHG
GLDJUDPVIRUUHVLVWDQFHYDOXHVRILQGLYLGXDOFURVVVHFWLRQW\SHVH[DPSOHVRIVROXWLRQVJHQHUDOWDEOHVIRUWKHEDVLF
FKDUDFWHULVWLFVRIFURVVVHFWLRQVKDSHVHWF
7KH SURJUDP LV DYDLODEOH RQOLQH DW KWWSZZZIDVWYVEF]FVRNUXK\VWXGLMQLPDWHULDO\ 7KH DFFHVV WR WKH
SURJUDPLVUHVWULFWHG
$FNQRZOHGJHPHQWV
7KLVSDSHUZDVFUHDWHGZLWKLQWKHSURMHFW7KHFUHDWLRQDQGLQWHUQDWLRQDOL]DWLRQRIWRSWHDPVDQGHQKDQFLQJWKHLU
H[FHOOHQFHLQWKH)DFXOW\RI&LYLO(QJLQHHULQJ9â%±782E\PHPEHUVRIWKHÄ6WUXFWXUDO³UHVHDUFKJURXS
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